In mammals, interleukin-1 (IL-1) mediates many of the behavioral consequences of pathogen infection. Other vertebrates show behavioral changes when infected, but the neuroendocrine bases of these changes are seldom known. Here we report that IL-1␤ alters the daily activity cycle of lizards (Sceloporus occidentalis) similar to that seen in lizards infected with malaria. To our knowledge, this is the first report of behavioral effects of interleukin in lower vertebrates. Male lizards were injected with human IL-1␤ (10 ng/g animal), saline, or nothing (control) and the activity level (proportion of lizards above ground) was monitored for 48 h. IL-1␤-injected lizards showed a decrease in activity compared to saline-injected and control lizards within 2 h after treatment. Activity levels were equivalent among treatment groups during the middle of the day (1200-1600 h), but IL-1-treated animals were significantly less active in the morning (0800-1200 h) and evening (1600-2200 h). This decrease in activity is similar that seen in free-ranging lizards infected with malaria, supporting the hypothesis that IL-1 mediates the pathogen-induced alterations to activity behavior under natural conditions.
INTRODUCTION
Parasites can alter the behavior of their hosts in diverse ways. In some cases, parasites induce the expression of entirely distinct behaviors. For example, amphipods, Gammarus lactris, infected with cystacanths, Polymorphus paradoxus, exhibit escape responses never exhibited in uninfected individuals. In most cases, however, parasites modify quantitatively a preexisting host behavior (Barnard & Behnke, 1990) .
Although parasite-induced modifications to host behavior have been documented in all vertebrate classes (Barnard & Behnke, 1990) , relatively little is known about how infection alters the neuroendocrine mechanisms underlying behavior in nonmammalian vertebrates. In mammals, immunological challenge stimulates the production of cytokines (e.g., interleukins). These molecules not only accelerate the cellular immune response, but also bind to receptors on neural and endocrine tissues to modify behavior (Cunningham & DeSouza 1993 ). Here we report the effects of an exogenous interleukin-1␤ (IL-1␤) on the daily activity behavior of a lizard, Sceloporus occidentalis.
Diurnal reptiles typically spend the day on the ground surface and retreat below the ground for the evening and night. Within this general diel pattern, the amount of time that an individual spends above ground (the activity level) varies widely depending on many factors including age, sex, thermal conditions, reproductive status, food availability, and infectious status (Dunlap, 1995a; Huey, 1982; Rose, 1981; Schall & Houle, 1992; Underwood, 1992) . Activity level is extremely important because it influences an animal's susceptibility to predation, access to prey, and interactions with conspecifics.
